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SUMMARY 

This report lists and summarizes the Marshall Technical Papers and 
Internal Notes written by personnel of the Materials Division, Propul- 
sion and Vehicle Engineering Laboratory, George C. Marshall Space Flight 
Center, National Aeronautics and Space Administration, during 1963. 

INTRODUCTION 

The mission of the Materials Division is to conduct research and 
development in the fields of chemistry, metallurgy, chemical engineer- 
ing, physics, and other technologies related to materials in research 
and engineering. These investigations are conducted in support of the 
launch vehicle programs of the George C. Marshall Space Flight Center. 
This report lists and summarizes the technical reports written by per- 
sonnel of the Materials Division during 1963. 

Requests for additional copies of these reports, designated by the 
report number, should be addressed to: 

National Aeronautics and Space Administration 
George C. Marshall Space Flight Center 
Huntsville, Alabama 35812 
Attentionr MS-IPL. 
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MARSHALL TECHNICAL PAPERS 

January 7 ,  1963 1962 PUBLICATIONS MTP- P&VE-M- 63- 1 

by Engineering Mate r i a l s  Branch 

Unclass i f ied ,  20 pages 

This  r epor t  l i s ts  and summarizes t h e  Marshal l  Technical  Papers and 
I n t e r n a l  Notes w r i t t e n  by personnel  of t h e  Engineering Materials Branch, 
Propuls ion and Vehicle  Engineering Div is ion ,  George C .  Marshal l  Space 
F l i g h t  Center, Nat iona l  Aeronautics and Space Adminis t ra t ion,  dur ing  
1962. 

January 31, 1963 COMPUTER SIMULATION STUDY OF MTP-P&VE-M- 63- 2 
BRUCETON AND PROBIT METHODS OF 

SENSITIVITY TESTING 

by John B. Gayle 

Unc las s i f i ed ,  24 pages,  2 i l l u s t r a t i o n s ,  11 t a b l e s  

A computer s imula t ion  technique has  been used t o  eva lua te  the  s u i t -  
a b i l i t y  of the Bruceton and P r o b i t  methods o f  s e n s i t i v i t y  t e s t i n g  f o r  
launch veh ic l e  app l i ca t ions .  The r e s u l t s  i n d i c a t e  t h a t  e i t h e r  method 
permits  s a t i s f a c t o r y  estimates f o r  the  mean va lue  of a normal d i s t r i b u -  
t i on .  However, f o r  launch v e h i c l e  a p p l i c a t i o n s ,  e s t ima tes  of the  levels 
of  s t imulus  corresponding t o  very  h igh  o r  very  low percentage r e a c t i o n s  
usua l ly  are required;  n e i t h e r  method permits  r e l i a b l e  estimates f o r  such 
levels when the d i s t r i b u t i o n  i s  non-normal, a cond i t ion  which occurs  
with s u f f i c i e n t  frequency t h a t  assumption of a normal d i s t r i b u t i o n  can- 
n o t  be j u s t i f i e d  as r o u t i n e  procedure.  

February 15, 1963 EVALUATION OF HIGH ACCURACY KCP-P&VE-M-63-3 
PRODUCTS CORPORATION MODEL PC-101 

AUTOMATIC PARTICLE COUNTER 

by J. 0. Romine and J. B. Gayle 

Unclass i f ied ,  25 pages, 9 i l l u s t r a t i o n s ,  4 t a b l e s  

The HIAC automatic  p a r t i c l e  counter  h a s  been eva lua ted  t o  d e t e r -  
mine i t s  s u i t a b i l i t y  f o r  both l abora to ry  and i n - l i n e  monitoring of 
p a r t i c u l a t e  contamination i n  MIL-H-5606 hydrau l i c  f l u i d .  
ga t ions  were accomplished by pass ing  f l u i d ,  r e p r e s e n t i n g  vary ing  levels 

The i n v e s t i -  
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of p a r t i c u l a t e  contamination, through t h e  counter .  For l abora to ry  Sam- 
p l e s ,  t h i s  was accomplished by use of a s tandpipe  arrangement which was 
p res su r i zed  from t h e  l abora to ry  a i r  supply. For i n - l i n e  samples, t h e  
coun te r  was connected t o  a f i l t r a t i o n  car t  f o r  which the  ope ra t ing  flow 
rate and p res su re  were 3 gpm and 50 p s i ,  r e s p e c t i v e l y ;  t h e  flow r a t e  
through the  count ing c e l l  was approximately 1 ml/min. 

S t a t i s t i c a l  a n a l y s i s  of t he  da ta  ind ica t ed  t h a t  t h e  HIAC counts  
have  an acceptab le  degree of p rec i s ion  and are c l o s e l y  c o r r e l a t e d  wi th  
t h e  microscopic counts .  Tilerefare, i t  was zcnclnded t h a t  t h e  HIAC 
counter  is w e l l  s u i t e d  f o r  contamination ana lyses  of p a r t i c l e s  over 101.1 
i n  size.  

March 8, 1963 CORROSION PROBLEMS ASSOCIATED MTP-P&VE-M- 63 -4 
W I T H  METAL FASTENERS 

by J .  G. Williamson and E. E. Nelson 

Unc las s i f i ed ,  15 pages, 5 i l l u s t r a t i o n s ,  1 t a b l e  

Many mechanical p r o p e r t i e s  and phys ica l  and m e t a l l u r g i c a l  charac- 
terist ics a f f e c t  t h e  choice  of mater ia l s  f o r  f a s t e n e r s  used i n  space 
launch veh ic l e s .  I n  order  t o  determine the  e x t e n t  of  t he  co r ros ion  
problems t h a t  could ar ise  from commercial f a s t e n e r s ,  v a r i o u s  f a s t e n e r s  
p r e s e n t l y  being used i n  the  S - I  s t age  of t h e  Sa turn  v e h i c l e  were sub- 
j e c t e d  t o  co r ros ion  t e s t s .  Corrosion s t u d i e s  were made by exposing 
r e p r e s e n t a t i v e  f a s t e n e r s  wi th  var ious metal a l l o y s  t o  a 5% salt spray  
environment f o r  2000 hours .  

The tests ind ica t ed  no t  only t h e  need f o r  t h e  f a s t e n e r s  t o  be of 
similar ma te r i a l  t o  t he  components being connected but  t h a t  the  method 
of f a s t e n i n g  and the  phys ica l  conf igura t ion  of  t he  f a s t e n e r s  should be 
given equal  cons idera t ion .  Fasteners  t h a t  have unprotected areas, i n  
t h e  form of broken p ins  and c o l l a r s  as p a r t  of the f a s t e n i n g  mechanism, 
can  cause s e r i o u s  co r ros ion  problems. When i t  becomes a b s o l u t e l y  nec- 
e s s a r y  to  use  t h i s  type of f a s t e n e r ,  t h e  unprotected p a r t  of t he  f a s t e n e r  
should be given a p r o t e c t i v e  treatment immediately a f t e r  i n s t a l l a t i o n .  
S ince  only a s m a l l  amount of  cor ros ion  can cause h igh ly  s t r e s s e d  f a s t e n e r s  
t o  f a i l ,  t he  c o r r e c t  s e l e c t i o n  of material and types of f a s t e n e r s  becomes 
of paramount importance i n  prevent ing co r ros ion  which could s e r i o u s l y  
a f f e c t  t h e  i n t e g r i t y  of t he  e n t i r e  veh ic l e .  
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March 14, 1963 EVALUATION OF THE BECKMAN AND PEXKIN- MTP-P&VE-M-63-5 
nMER TOTAL HYDROCARBON ANALYZERS AND 

THEIR CORRELATION TO THE CARBON 
TETRACHLORIDE SCRUBBER METHOD 
FOR CONDENSABLE HYDROCARBONS 

by Cor tes  L. Pe r ry  

Unclass i f ied ,  14 pages, 1 t a b l e  

This  r epor t  p re sen t s  a comparison of two commercial hydrocarbon 
ana lyzers  and t h e  c o r r e l a t i o n  o f  r e s u l t s  ob ta ined  by means of  these  
ana lyze r s  with those  obtained by the  carbon t e t r a c h l o r i d e  scrubber  
method f o r  trace hydrocarbon a n a l y s i s .  Both commercial instruments  
were of t he  hydrogen flame i o n i z a t i o n  type and were t o t a l  hydrocarbon 
ana lyze r s .  
and t h e  Beckman Model 109 Hydrocarbon Analyzer.  

I 

They were the  Perkin-Elmer Model 213-B Hydrocarbon Detec tor  

Data a re  presented  which i n d i c a t e  a l a c k  of  c o r r e l a t i o n  of the  
t o t a l  hydrocarbon a n a l y s i s  wi th  the  CCL4-SaruBber condensable hydro- 
carbon ana lys i s .  

A comparison of t h e  f e a t u r e s  of each of t he  two t o t a l  hydrocarbon 
ana lyzers  and a d i scuss ion  of t he  ope ra t ion  of each are presented .  

A p r i l  10,  1963 INVESTIGATION OF DIELECTRIC MATERIALS MTP-P&VE-M-63-6 
FOR SPACE VEHICLE APPLICATIONS 

STATUS REPORT I 

by Raymond L.  Gause 

Unc las s i f i ed ,  45 pages,  1 9  i l l u s t r a t i o n s  

The need has  been e s t a b l i s h e d  f o r  experimental  d a t a  on d i e l e c t r i c  
materials a t  low p res su re  and low temperature t o  des ign  space v e h i c l e  
systems wi th  confidence.  Hence, an  experimental  program has  been i n i -  
t i a t e d ,  and a s p e c i a l i z e d  cryogenic-vacuum d i e l e c t r i c  t e s t  c e l l  has  been 
developed t o  ob ta in  d a t a  on fundamental d i e l e c t r i c  p r o p e r t i e s .  A v ib ra -  
t i o n  t e s t  apparatus has  been employed on small hook-up wires, and a h igh  
vol tage ,  d i e l e c t r i c  s t r e n g t h  tes t  appara tus  is  being developed f o r  use  
a t  low temperatures and low pressures .  

D i e l e c t r i c  cons t an t  and d i s s i p a t i o n  f a c t o r  d a t a  obta ined  on qua r t z ,  
t e t r a f luo roe thy lene  (Teflon),  and an aromatic  polyimide (SP) ind ica t ed  
almost no v a r i a t i o n  wi th  t h e  changing environment, whereas polyvinyl  
c h l o r i d e  changed r ap id ly .  Actual  c a p a c i t o r s  o f  mica and polye thylene  
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t e r e p h t h a l a t e  (Mylar) exhib i ted  neg l ig ib l e  change from 20 t o  -268*C, 
where ceramic d i s c  capac i to r s  changed s l i g h t l y  and tantalum e l e c t r o l y t i c  
c a p a c i t o r s  v a r i e d  d r a s t i c a l l y .  These proper ty  v a r i a t i o n s  could be v i t a l  
t o  c a p a c i t o r  networks and coax ia l  cables  i n  c r i t i c a l  c i r c u i t s  i f  no t  
considered i n  c i r c u i t  design.  

May 20, 1963 EFFECTS OF VACUUM AND NUCLEAR MTP- P&VE -M- 63 - 7 
RADIATION ON ENGINEERING MATERIALS 

by W .  R .  Lucas 

Unc las s i f i ed ,  26 pages, 6 t a b l e s  

The capac i ty  of  a material t o  maintain reasonable  p r o p e r t i e s  f o r  an 
appropr i a t e  time i n  a h o s t i l e  environment f r equen t ly  i s  of g r e a t e r  con- 
c e r n  i n  the  s e l e c t i o n  of rocket and space v e h i c l e  materials than the  
b a s i c  p r o p e r t i e s .  Of prime importance t o  t h e  s e l e c t i o n  of m a t e r i a l s ,  
p a r t i c u l a r l y  organic  materials, fo r  a nuclear-powered rocke t  i s  t h e  re- 
s i s t a n c e  of  t h e  ma te r i a l s  t o  vacuum and r a d i a t i o n  s imultaneously.  This  
paper  d e a l s  wi th  the  s t a t e  of knowledge on the  r e s i s t a n c e  of engineer ing  
materials t o  vacuum, to  r a d i a t i o n ,  and t o  r a d i a t i o n  p lus  vacuum. The 
emphasis throughout t h e  paper i s  on v e h i c l e  and r e a c t o r  accessory  hard- 
ware r a t h e r  than  on r e a c t o r  ma te r i a l s .  

Se lec ted  d a t a  obtained from the i n v e s t i g a t i o n  of the  combined e f f e c t s  
of r e a c t o r  r a d i a t i o n  and vacuum on organic  engineer ing materials (Contract 
NAS8-2450 wi th  General Dynamics/Fort Worth) a re  d iscussed .  The d a t a  in-  
c l u d e  r e s u l t s  of  mechanical t e s t s  p r i o r  t o  and a f t e r  i r r a d i a t i o n .  The 
t e s t  specimens are r e p r e s e n t a t i v e  samples of thermal i n s u l a t i o n ,  p o t t i n g  
compounds, s t r u c t u r a l  laminates ,  s t r u c t u r a l  adhes ives ,  thermal c o n t r o l  
c o a t i n g s ,  d i e l e c t r i c  materials, s e a l s ,  and l u b r i c a n t s .  

Plans and suggested approaches f o r  experimental  work i n  the  immediate 
f u t u r e  are  discussed.  

June  24, 1963 STRESS CORROSION OF HIGH STRENGTH MTP-P&VE-M-63-8 
ALUMINUM ALLOYS 

by T. S . Humphries 

Unc la s s i f i ed ,  19  pages, 3 i l l u s t r a t i o n s ,  6 t a b l e s  

The stress cor ros ion  p rope r t i e s  of some of  the  most commonly used 

The e f f ec t iveness  of a few p r o t e c t i v e  f i n i s h e s  i n  com- 
h igh  s t r e n g t h  aluminum alloys-2014, 2024, 2219, 7075, 7178, and 7079-- 
are presented.  
b a t i n g  s t r e s s  cor ros ion  a l s o  i s  presented.  A l t e rna te  immersion i n  3 1 /2  
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percent  sa l t  s o l u t i o n  and exposure t o  t h e  atmosphere a t  MSFC c o n s t i t u t e d  
the  t e s t  media. It  was found t h a t  a l l  of  t he  high s t r e n g t h  aluminum 
a l l o y s  tes ted  were h ighly  s u s c e p t i b l e  t o  stress co r ros ion  c racking  i n  the  
s h o r t  t ransverse  d i r e c t i o n  except  7075-T73 and 2219-T87. Nei ther  chemical 
conversion nor anodic coa t ings  were e f f e c t i v e  i n  combating stress cor ro-  
s ion ;  however, e i t h e r  of t hese  coa t ings  p l u s  z i n c  chromate primer a f fo rded  
considerable  p ro tec t ion .  

J u l y  1 6 ,  1963 APPARATUS FOR DETERMINING LOW MTP- P&VE-M- 6 3- 9 
TEMPERATURE THERMAL CONDUCTIVITY 

by C .  F. Smith 

Unclass i f ied ,  27 pages, 12  i l l u s t r a t i o n s ,  5 t a b l e s  

Because of the  need f o r  low temperature thermal conduc t iv i ty  d a t a  
on a wide v a r i e t y  of ma te r i a l s  used i n  t h e  space launch v e h i c l e  f i e l d ,  
an apparatus  was developed f o r  determining such information on metal  
over a temperature range of 80 t o  225'K (-316 t o  -55'F). Data a r e  pre-  
sented f o r  copper, s t a i n l e s s  s t e e l ,  and aluminum a l l o y s  and compare 
q u i t e  favorably with va lues  r epor t ed  by o t h e r  i n v e s t i g a t o r s  on t h e  same 
a l l o y s .  

August 6, 1963 DEVELOPMENT OF A PROCEDURE FOR MTP-P&VE-M-63-10 
ELECTROPLATING ON Ti-6Al-4V ALLOY 

by A. 0 .  Schlosser  and J. R. Lowery 

Unclass i f ied ,  17 pages, 5 t a b l e s  

A procedure was developed f o r  the  product ion of  adherent  e l e c t r o -  
p l a t ed  coa t ings  on Ti-6A1-4V a l l o y .  
a c t i v a t i o n  i n  an a c e t i c  ac id-hydrof luor ic  a c i d  s o l u t i o n ,  followed by 
e l e c t r o p l a t i n g  by convent ional  methods. 
e n t  and pro tec ted  the  metal  s u b s t r a t e  from r e a c t i o n s  wi th  LOX under 
impact.  Processing t rea tments  d i d  not  appear t o  have any e m b r i t t l i n g  
e f f e c t s  on the t i t an ium a l l o y  due t o  excess ive  hydrogen pick-up. 

The process  c o n s i s t s  of anodic 

Coatings produced were adher- 

September. 1 6 ,  1963 VACUUM COMPATIBILITY OF MTP-P&VE-M-63-11 
ENGINEERING MATERIALS (SOLIDS) 

by J .  B.  Gayle, S .  V. Caruso, and C .  T .  Egger 

Unclass i f ied ,  78 pages, 56 i l l u s t r a t i o n s ,  5 t a b l e s  
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The effects of vacuum and elevated temperature on fifty-four solid 
materials are reported; similar results for liquids and semi-solids will 
be reported separately. Although the extrapolation of laboratory re- 
sults to service conditions has not been demonstrated, preliminary re- 
sults discussed herein suggest that such extrapolations are possible, at 
least for some materials. 

Other preliminary results indicate that weight regains on exposure 
to air subsequent to vacuum testing are small for most materials and 
are m t  ir?fluenced by the temperature used for the vacuum test. Good 
correlation of total weight loss  generally was noted for results w i t h  
continuous weighing in standard vacuum systems and those for screening 
tests utilizing before-and-after weighing from a vacuum oven. However, 
the screening tests provide little information regarding the rate of 
weight loss, and it was noted that some materials appear to undergo oxi- 
dation and, consequently, gain in weight during tests at elevated temper3 
atwes when the pressure in the test chamber is of the orcer of loM1 to 
lo'* Torr. 

September 30, 1963 AN ULTRASONIC TECHNIQUE FOR IQP-P&VE-M- 6 3- 12 
THE EVALUATION OF BONDED 

HONEYCOMB STRUCTURAL MATERIAL 

by W, N. Clotfelter 

Unclassified, 12 pages, 6 illustrations 

The widespread usage of composite honeycomb materials in launch 
vehicle designs has necessitated considerable effort in the development 
of techniques which describe, nondestructively, the condition of the 
honeycomb material. This report describes the progress to date in 
developing a continuous wave through-transmission ultrasonic technique 
that is applicable to the quality verification of composite honeycomb 
materials. Although incomplete at this time, the prospect is good for 
the successful solution to the problem of inspecting such composite 
materials. 

September 30, 1963 CORROSION PROBLEMS ASSOCIATED MTP-P&VE-M-63-13 
WITH THE USE OF TITANIUM 

FASTENERS TO CONNECT ALUMINUM 
COMPONENTS 

by E, E. Nelson and J, G, Williamson 

Unclassified, 15 pages, 6 illustrations, 2 tables 
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Corrosion s t u d i e s ,  conducted t o  determine t h e  e x t e n t  o f  t h e  corro-  
s i o n  problems t h a t  could arise from the  use  of t i t an ium f a s t e n e r s  t o  
connect aluminum components, have ind ica t ed  t h a t  Ti-6A1-4V a l l o y  fas -  
t e n e r s  can  be used t o  connect aluminum components wi thout  s i g n i f i c a n t  
co r ros ion  on t h e  aluminum component i n  a normal atmospheric environment. 
However, exact ing i n s t a l l a t i o n  procedures must be followed f o r  adequate  
c o n t r o l  of galvanic  corrosion.  

December 4, 1963 COMPATIBILITY OF MATERIALS MT P-P&VE-M- 6 3- 14 
WITH LIQUID OXYGEN 

by C. F, Key and W, A. Riehl  

Unc la s s i f i ed ,  94 pages, 6 i l l u s t r a t i o n s ,  8 t a b l e s  

The tes t  instrument  and procedure developed by Lucas and R ieh l  
(Ref. 1) was used t o  determine t h e  compa t ib i l i t y  of a wide v a r i e t y  of  
materials with l i q u i d  oxygen (LOX). 
tendency of mater ia l s  t o  react with LOX on impact and i s  commonly known 
as the "ABMA Tester." Within t h e  p a s t  e i g h t  yea r s '  use ,  over 100,000 
ind iv idua l  t e s t  drops have been made on approximately 1,000 d i f f e r e n t  
ma te r i a l s .  

This  method is  based upon t h e  

Pe r t inen t  d a t a  from these  tests have been compiled, and t h e  f ind ings  
a r e  presented  i n  t h i s  r epor t .  Recommendations are made f o r  guidance o f  
des igners  and o t h e r s  i n  s e l e c t i o n  of s a f e  materials f o r  u se  i n  oxygen 
systems. Mater ia l s  are d iscussed  according t o  t h e  fol lowing c l a s s i f i c a -  
t ions :  (1) Lubricants ,  (2) S e a l a n t s  and Threading Compounds, (3) Thermal 
and E l e c t r i c a l  I n s u l a t i o n ,  (4) Elastomers,  P l a s t i c s ,  and Adhesives, 
(5) Gaskets and Packing, (6) Metals, Alloys,  and Solders ,  (7) Dye Pene- 
t r a n t s ,  and (8) Solvents ,  Cleaning So lu t ions ,  and Miscellaneous.  

October 25, 1963 THE INFLUENCE OF NUCLEAR RADIATION MTP-P&VE-M-63-15 
ON MATERIALS TECHNOLOGY FOR SPACE 

APPLICATIONS 

by Lowell K. Z o l l e r  

Unclass i f ied ,  17 pages, 6 t a b l e s  

The extension of man's presence i n t o  t h e  realm of "space" c o n t i n u a l l y  
n e c e s s i t a t e s  dramatic developments i n  materials technology t o  meet t h e  
unique environments and c o n s t r a i n t s  imposed by t h e  space  v e h i c l e s  and by 
"space" i t s e l f .  
made t h e  use  of nuc lea r  power sources  a t t ract ive f o r  space veh ic l e s .  

The fundamental i n t e r e s t  i n  deep space exp lo ra t ion  h a s  
The 
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presence o f  such a copious source  of nuc lea r  r a d i a t i o n ,  i n  a d d i t i o n  t o  
the  indigenous space r a d i a t i o n ,  however, f u r t h e r  restricts t h e  appl ica-  
b i l i t y  of  materials,  n e c e s s i t a t e s  ex tens ive  multiple-environment t e s t i n g ,  
and demands the  development of new, more environment-resis tant  ma te r i a l s ,  
It i s  intended i n  t h i s  d i scuss ion  to  d e f i n e  t h e  va r ious  material ca te -  
g o r i e s  and t h e  a s soc ia t ed  combinations o f  environments which must be 
i n v e s t i g a t e d  and t o  cons ider  some imposed modi f ica t ions  of accepted t e s t  
methods inc luding  r a d i a t i o n  dosimetry. 

November 21 ,  1963 CORRELATION OF PARTICLE COUNTS MTP-P&VE-M-63-16 
FOR MILLIPORF, AND WHATMAN 

METHODS OF ANALYSIS 

by J. 0. Romine and J, B. Gayle 

Unc las s i f i ed ,  15 pages, 3 t a b l e s ,  2 i l l u s t r a t i o n s  

Resu l t s  of p a r t i c u l a t e  contamination ana lyses  by t h e  Mi l l i po re  and 
Whatman methods have been co r re l a t ed  f o r  samples r ep resen t ing  a wide 
range  o f  contamination levels, These d a t a  i n d i c a t e  t h a t  although t h e  
d i f f e r e n t  types of f i l t e r s  a f f o r d  approximately equal  p a r t i c l e  r e t e n t i o n ,  
t h e  modes o f  r e t e n t i o n  a r e  markedly d i f f e r e n t .  The p a r t i c l e s  are re- 
t a ined  almost exc lus ive ly  on t h e  su r face  of t h e  Mi l l i po re  f i l t e r ;  whereas, 
wi th  t h e  Whatman f i l t e r ,  some p a r t i c l e s  a r e  r e t a i n e d  on the  su r face ,  and 
o t h e r s  are embedded i n  the  f i l t e r  s t r u c t u r e .  There a l so  appears  t o  be a 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  ease wi th  which p a r t i c l e s  r e t a i n e d  on the  
s u r f a c e s  of  these  d i f f e r e n t  types of f i l t e r s  can be d i s t ingu i shed  micro- 
s c o p i c a l l y ,  It, the re fo re ,  appears t h a t  any numerical  equat ion  r e l a t i n g  
t h e  r e s u l t s  ob ta ined  by these  methods must be r e s t r i c t e d  t o  t h e  p a r t i c u l a r  
type  of contaminant present  i n  the samples f o r  which t h e  equat ion  w a s  
der ived  . 

December 7, 1963 A SURVEY OF VACUUM LUBRICATION MTP-P&VE-M-63-17 
DEVELOPMENTS 

by E, C. McKannan and J, E, Kingsbury 

Unc las s i f i ed ,  14 pages, 2 t a b l e s  

Current  vacuum l u b r i c a t i o n  programs i n  e i g h t  l a b o r a t o r i e s  are re- 
viewed f o r  several purposes, such as:  (1) c o l l e c t i n g  a v a i l a b l e  in fo r -  
mation i n  one r e fe rence  and up-dating a previous e f f o r t  toward t h i s  end, 
(2) determining the  degree of coverage of probable  a p p l i c a t i o n s  and re -  
quirements by c u r r e n t  development programs, and (3) comparing test  methods 
and conclusions from d i f f e r e n t  programs t o  i n c r e a s e  the  r e l i a b i l i t y  i n  
s e l e c t i o n  of s p e c i f i c  materials and components. Some gene ra l i zed  conclu- 
s i o n s  have been made where the re  has  been s u f f i c i e n t  agreement among the 
programs reviewed, 
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December 7 ,  1963 THE EFFECT OF SOLIDIFICATION RATE MTP-P&VE-M-63-18 
ON THE BETA PHASE I N  5456 

ALUMINUM ALLOY 

by H. H. Kranzlein 

Unclass i f ied ,  24 pages, 10 i l l u s t r a t i o n s ,  3 t a b l e s  

The presence of b e t a  phase (Mg5Alg) i n  t h e  mic ros t ruc tu re  of welded 
5456 aluminum a l l o y  may be de t r imen ta l  t o  the  s t r e n g t h  and co r ros ion  
p r o p e r t i e s  of the  welds. 
t h e  inf luence  of s o l i d i f i c a t i o n  r a t e  on t h e  quan t i ty ,  d i s t r i b u t i o n ,  and 
p a r t i c l e  s i z e  of  the  b e t a  phase was e s t a b l i s h e d  t o  determine i f  c o n t r o l  
of the phase i s  f e a s i b l e  through r e g u l a t i o n  of the  s o l i d i f i c a t i o n  rate.  
Exper>ments with small c a s t i n g s  i n d i c a t e  t h a t  l imi t ed  c o n t r o l  of  t he  
quan t i ty  and d i s t r i b u t i o n  of t h e  b e t a  phase i s  poss ib le .  

I n  the  i n v e s t i g a t i o n  covered by t h i s  r e p o r t ,  

December 7,  1963 CORROSIVE EFFECTS OF THE ENVIRON- MTP-P&VE-M-63-19 
MENT AT MICHOUD OPERATIONS ON 

VARIOUS METAL ALLOYS AND FINISHES 

by R. H. Higgins 

Unclass i f ied ,  1 9  pages, 1 i l l u s t r a t i o n ,  1 t a b l e  

Corrosion t e s t s  of t he  va r ious  metal  a l l o y s  and a s soc ia t ed  protec-  
t ive f i n i s h e s  being used on Sa tu rn  I and Sa tu rn  V v e h i c l e s  a r e  being 
conducted under atmospheric cond i t ions  a t  t he  Michoud Operat ions and a t  
MSFC. These tests show the  atmospheric environment a t  t he  Michoud Opera- 
t i o n s  t o  be more co r ros ive  than t h a t  of MSFC bu t  n o t  as severe  as t h e  
environment a t  Cape Canaveral ,  F lor ida .  Resu l t s  and conclusions from 
these  t es t s  a re  given a f t e r  a one-year exposure period. 

December 13, 1963 COMmTTER PROGRAM FOR LEAST MTP-P&VE-M-63-20 
SQUARES REGRESSION ANALYSIS 

by J, B. Gayle and C. L. Hopkins 

Unclass i f ied ,  42 pages, 4 i l l u s t r a t i o n s ,  4 t a b l e s  

Many types of numerical d a t a  a r e  obta ined  i n  t h e  design and develop- 
ment of l a r g e  launch veh ic l e s .  A s  one method of d a t a  a n a l y s i s ,  a com- 
pu te r  program has  been developed which u t i l i z e s  the  method of l eas t  
squares t o  obta in  an empir ica l  equat ion  r e l a t i n g  two o r  more v a r i a b l e s .  
Supplementary c a l c u l a t i o n s  included i n  t h e  program provide estimates of 
t he  r e l i a b i l i t y  of values  obta ined  wi th  t h e  r e s u l t i n g  r e g r e s s i o n  equa- 
t i o n  and of the empir ica l  cons t an t s  conta ined  i n  t h e  r e g r e s s i o n  equation. 
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Although t h e  t h e o r e t i c a l  b a s i s  f o r  t h e  method i s  included i n  t h e  
Appendix o f  t h i s  r e p o r t ,  app l i ca t ion  of  the  program t o  a wide v a r i e t y  
of s c i e n t i f i c  and engineer ing d a t a  is  p o s s i b l e  without  a d e t a i l e d  know- 
ledge  of s t a t i s t i c a l  methods. 

December 31, 1963 A LITERATURE STIRVEX OF THE MTP-P&VE-M-63-21 
CORROSION OF METAL GLOYS I N  
LIQUID AND GASEOUS FLUORINE 

by J, H, Cabaniss and J, G. Williamson 

Unc las s i f i ed ,  27 pages, 9 t a b l e s  

A l i t e r a t u r e  survey on the cor ros ive  na tu re  of both l i q u i d  and gas- 
eous f l u o r i n e  i s  presented. This  paper con ta ins  gene ra l  information r e -  
garding:  (1) chemical r e a c t i o n  of f l u o r i n e  with va r ious  metall ic mate- 
r i a l s ;  (2) cond i t ions  under which these materials can be used wi th  f luo-  
r i n e ;  (3) r e s u l t s  of  cor ros ion  tests t h a t  have been conducted on va r ious  
materials over  t h e  temperature range of -320*F (-196°C) t o  1300*F (704*C), 

INTERNAL NOTES 

January  7, 1963 L O W  TEMPERATURE MECHANICAL I N -  P&VE-M- 63-1 
PROPERTIES OF CARPENTER STAINLESS 

NO, 204% SHEET 

by C, V, Lovoy 

Unc las s i f i ed ,  11 pages, 2 i l l u s t r a t i o n s ,  3 t a b l e s  

The mechanical p rope r t i e s  of Carpenter  S t a i n l e s s  No. 20-Cb and i t s  
weldments were determined a t  temperatures from +80°F t o  -423°F. The 
t e n s i l e  and y i e l d  s t r e n g t h s  of weldments are equ iva len t  to ,  o r  g r e a t e r  
than,  those  obta ined  from t h e  parent  metal, Both parent  metal and weld- 
ments had t e n s i l e  and y i e l d  s t r eng ths  a t  -423*F, approximately twice 
those  obtained a t  +8OoF. 
from +80°F to -423'F. 
d u c t i l i t y  a t  a l l  t e s t  temperatures. 

The notched-tensi le  s t r e n g t h  increased  65%, 
Both parent  metal and weldments have favorable  

The r e l a t i v e l y  low y i e l d  s t rength  (49,300 p s i  a t  +80"F) p r a c t i c a l l y  
e l imina te s  the  use of t h i s  a l l o y  f o r  s t r u c t u r a l  a p p l i c a t i o n s  where a 
h igh  s t r eng th /dens i ty  ma te r i a l  i s  requi red ,  
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January 9, 1963 LOW TEMPERATURE MECHANICAL IN-P&VE-M-63-2 
PROPERTIES OF ALUMINUM ALLOY PLATE 

X7002-T6 AND ITS WELDMENTS 

by W, R, Morgan 

Unclass i f ied ,  14 pages, 3 i l l u s t r a t i o n s ,  5 t a b l e s  

The mechanical p r o p e r t i e s  of aluminum a l l o y  p l a t e  X7002-T6 (0.750) 
inch th i ck )  and its weldments (p l a t e  th ickness  1.250 inches)  were de te r -  
mined a t  temperatures from ambient t o  -423*F. 
t h e  parent  a l l o y  w a s  cons iderably  g r e a t e r  a t  -423'F than  a t  ambient 
temperature.  
u n i t y  a t  temperatures from +80* t o  -200*F, 
t h e  weldments also increased  wi th  a decrease i n  temperature.  Weld j o i n t  
e f f i c i e n c y  remained almost cons t an t  from +80* t o  -200*F b u t  decreased 
with add i t iona l  decrease i n  temperature.  

The t e n s i l e  s t r e n g t h  of 

The notched/unnotched t e n s i l e  r a t i o s  were g r e a t e r  than 
The t e n s i l e  s t r e n g t h s  of  

January 18, 1963 L O W  TEMPERATURE MECHAMGAL IN-P&VE-M-63-3 
PROPERTIES OF PARENT METAL AND 

WELDMENTS OF WASPALOY 

by C, V. Lovoy 

Unclass i f ied ,  18 pages, 5 i l l u s t r a t i o n s ,  6 t a b l e s  

The mechanical p r o p e r t i e s  of Waspaloy shee t  i n  the  annealed and 
age-hardened condi t ions  were determined a t  temperatures from 80'F t o  
-423OF. 
were not  a l t e r e d  s i g n i f i c a n t l y  by r o l l i n g  d i r e c t i o n .  S t r eng th  increased  
with decrease i n  temperature,  wi th  the  age-hardened a l l o y  (parent  metal 
and weldments) being supe r io r  over  the  temperature range of 80°F t o  
-42 3' F . 

The mechanical p r o p e r t i e s  of t he  ma te r i a l  i n  both cond i t ions  

Composite weldments of  age-hardened Waspaloy and annealed 321 
s t a i n l e s s  s t e e l  had good mechanical p r o p e r t i e s .  Weld j o i n t  e f f i c i e n c y  
w a s  85 percent  or g r e a t e r ,  and a minimum e longat ion  of 14.7 percent  was 
obta ined  over the temperature range o f  80'F t o  -423*F, 

March 27, 1963 LOW TEMPERATURE MECHANICAL IN-P&VE-M-63-4 
PROPERTIES OF ALUMINUM ALLOYS 

X2119 and 2219 

by C, V. Lovoy 

Unc las s i f i ed ,  11 pages, 2 i l l u s t r a t i o n s ,  3 t a b l e s  
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The mechanical p r o p e r t i e s  of Kaiser aluminum a l l o y s  X2119-T6M and 
2219-T6M (0.60'' shee t )  were determined a t  temperatures from 80°F (26.7'C) 
to  -423*F (-252.7%). 

The smooth specimen u l t ima te  t e n s i l e  s t r e n g t h ,  y i e l d  s t r e n g t h ,  and 
e longat ion  va lues  f o r  both a l l o y s  a t  a l l  t es t  temperatures are compar- 
a b l e  t o  the  p r o p e r t i e s  of  2219-T81. However, a t  -423*F (-252.7'C), t he  
toughness c h a r a c t e r i s t i c  (as measured by the  notched/unnotched t e n s i l e  
r a t i o )  f o r  both a l l o y s  w a s  somewhat ques t ionable ,  The notched/unnotched 
t e n s i l e  r a t i o ,  a t  -423'F (-252.7*C), was 0.61 f o r  X2119, and 0.63 f o r  
22191 a t  -320'F (-196*C), t hese  values  were 0.86 and 0.91, r e spec t ive ly .  

Aluminum Al loy  X2119 i s  an experimental  a l l o y ,  whose chemical com- 
p o s i t i o n  c l o s e l y  resembles t h a t  of aluminum a l l o y  2219. The mechanical 
p r o p e r t i e s  of both these  a l l o y s  were approximately t h e  same a t  cor res -  
ponding t e s t  temperatures.  

A p r i l  12,  1963 LOW TEMPERATURE MECHANICAL IN-P&VE-M-63-5 
PROPERTIES OF 7075wT652 HAND 
FORGING, 7075-T651 PLATE. AND 

7178wT6 EXTRUSION 

by P, C. M i l l e r  

Unc la s s i f i ed ,  11 pages, 3 i l l u s t r a t i o n s ,  3 t a b l e s  

The mechanical p r o p e r t i e s  of two wrought aluminum a l l o y s ,  7075 and 
7178, were determined a t  temperatures from ambient t o  -423°F (-252,7*C), 
The a l l o y s  were t e s t e d  i n  t h r e e  d i f f e r e n t  forms, 7075-T652 hand fo rg ings ,  
7075-T651 p l a t e ,  and 7178dT6 ext rus ions ,  Although having h igh  t e n s i l e  
and y i e l d  s t r e n g t h s  a t  low temperatures,  t h e s e  a l l o y s ,  i n  t h e  tempers 
and forms t e s t e d ,  are not recommended f o r  c r i t i c a l  a p p l i c a t i o n s  a t  tem- 
p e r a t u r e s  below -200'F (-129.0°C) s i n c e  both e longat ion  and notched 
t e n s i l e  s t r e n g t h  decrease r a p i d l y  a t  temperatures below t h i s  l eve l .  The 
7178mT6 ex t rus ion  material was comparatively more s e n s i t i v e ,  i n  t h i s  
r e s p e c t ,  than t h e  o t h e r  two a l loys .  

A p r i l  29, 1963 EVAWATION OF DRY FILM LUBRICANTS IN-P&VE-M- 63- 6 
I N  VACUUM FOR ENGINE GIMBAL BEARINGS 

by K. E. Demorest and E. C, McKannan 

Unc las s i f i ed ,  21  pages, 1 5  i l l u s t r a t i o n s ,  3 t a b l e s  

A s imulated gimbal t es t  apparatus ,  p rev ious ly  employed t o  s tudy  
materials i n  the  RL-IO engine gimbal bear ing,  was used t o  eva lua te  
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I by H. H. Kranz le in  

several d r y  f i l m  l u b r i c a n t s  f o r  a p p l i c a t i o n  i n  engine gimbal bear ings  
exposed t o  hard vacuum. 
evaluated i n  sc reening  tests, and two were s e l e c t e d  f o r  f u r t h e r  s tudy  
a t  va r ious  environmental p re s su res ,  temperatures ,  and s u r f a c e  v e l o c i t i e s .  
The f i r s t  l ub r i can t  s e l e c t e d  f o r  i n t e n s i v e  s tudy  cons i s t ed  o f  molybdenum 
d i s u l f i d e ,  g raphi te ,  and gold i n  a b inder  of sodium s i l icate ,  and subse- 
quent ly  was designated MLF-5 i n  Marshal l  S p e c i f i c a t i o n  #253, It has  
been-spec i f ied  as t he  gimbal l u b r i c a n t  on a l l  RL-10 A-3 gimbal bear ings.  
The second l u b r i c a n t  cons i s t ed  of molybdenum d i s u l f i d e ,  burnished i n t o  
zirconium silicate. Pre l iminary  eva lua t ion  i n d i c a t e s  t h i s  l u b r i c a n t ,  
developed la ter  than  MLF-5, t o  be s u p e r i o r  t o  MLF-5. Both coa t ings  pro- 
v ide  reproducibly low, cons t an t  f r i c t i o n  and wear p r o p e r t i e s  a t  a l l  t h e  
environmental cond i t ions  t e s t e d ,  u n l i k e  t h e  r e s i n  bonded coa t ings  pre- 
v i o u s l y  employed. 

Th i r t een  candida te  l u b r i c a n t  materials were 

~ 

Unclass i f ied ,  18 pages, 10 i l l u s t r a t i o n s  

J u l y  24, 1963 EVALUATION OF 2219 ALUMINUM ALLOY IN*P&VE-M-63-7 
WELDS WITH THE ELECTRON MICROSCOPE 

The micros t ruc ture  of 22191T37 and -T87 aluminum a l l o y  welds w a s  
s tud ied  wi th  the  e l e c t r o n  microscope t o  eva lua te  t h e  e f f e c t s  o f  welding 
on t h e  micromorphology of t h e  a l loy .  P a r t i c u l a r  emphasis was placed on 
t h e  micros t ruc ture  of the  fus ion  zone. E lec t ron  micrographs of t h e  
fus ion  zone ind ica ted  a cored mic ros t ruc tu re  with g r a i n  boundary net-. 
works of t h e  alpha p l u s  CuA12 e u t e c t i c .  The cored mic ros t ruc tu re  re-, 
s u l t e d  i n  nonuniform response o f  t h e  fus ion  zone and f i l l e r  metal t o  
pos t  weld aging. 

J u l y  24, 1963 ELASTIC AND PLASTIC BEHAVIOR OF IN-P&VE-M-63-8 
WELDBENTS OF ALUMINUM ALLOY PLATE 

2 2 1 9- T87 

by W, R, Morgan 

Unclass i f ied ,  11 pages, 6 i l l u s t r a t i o n s  

Uniaxial  s t a t i c  t e n s i l e  t e s t s  were conducted on p a r e n t  metal and 
as-welded p l a t e  2219-T87 (0.750 inch th ick)  t o  s tudy  t h e  e las t ic  and 
p l a s t i c  behavior of the  welded a l l o y  and t o  determine t h e  e f f e c t  on t h e  
apparent  y i e l d  s t r e n g t h  and t h e  percent  e longa t ion  o f  t h e s e  weldments 
by a l t e r i n g  the gauge length  across the  weld area. All weldments t e s t e d  
were double V b u t t  type wi th  t h e  weld beads l e f t  i n t a c t .  Weld s t r e n g t h s  
were markedly lower than t h e  r e s p e c t i v e  s t r e n g t h s  of t h e  base  material. 
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The y i e l d  s t r e n g t h  and the  percent  e longat ion measured t r a n s v e r s e  to  the  
weldments v a r i e d  cons iderably  depending upon t h e  gauge length  used, No 
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  mechanical p r o p e r t i e s  of the weldments 
were noted when t h e  included angle  of t h e  double V b u t t  j o i n t  w a s  changed 
from 60, t o  868F. 

J u l y  24, 1963 PRnIMINARY INVESTIGATION OF EFFECTS IN-P&VE-M-63*9 
O F  VACUUM ON HYDROGEN PEROXIDE SYSTEMS 

by J, B. Gayle and W, A. Riehl  

Unc la s s i f i ed ,  11 pages, 2 i l l u s t r a t i o n s ,  1 t a b l e  

Poss ib l e  problem areas i n  connection with the  peroxide systems used 

The r e s u l t s  of thermal. s t a b i l i t y  tes ts  ind ica t ed  t h a t  t h e  samar- 
f o r  the Mercury capsule  and Centaur v e h i c l e  were i n v e s t i g a t e d  on a l i m i t e d  
b a s i s ,  
ium oxide  po r t ion  of t h e  c a t a l y s t  a c t u a l l y  c o n s i s t s  of a mixture  of 
samarium oxide and n i t r a t e .  These d a t a  a l s o  suggested t h a t  t h e  i n t e g r i t y  
of t h e  c a t a l y s t  would no t  be a f f ec t ed  by t h e  s h o r t  exposures and moderate 
temperatures  experienced during operat ion,  R e s u l t s  of vacuum tes t s  indi-  
ca t ed  t h a t  hydrogen peroxide undergoes p a r t i a l  evaporat ion and f r e e z i n g  
on sudden exposure to  vacuum, However, problems r e s u l t i n g  from formation 
of s o l i d  hydrogen peroxide i n  ven t  l i n e s  and/or valves can be e l imina ted  
by proper  l o c a t i o n  of hardware components and, i f  necessary,  by supplying 
s u f f i c i e n t  h e a t  t o  evaporate  r e s i d u a l  q u a n t i t i e s  of peroxide.  

August 29, 1963 ANALYSIS OF COPPER ON SATURN IN-P&VE-M- 63-10 
CONTAINER SURFACES BY SPECTROGRAPHIC 

AND ELECTROGRAPHIC TECHNIQUES, 
AN EVALUATION REPORT 

by D, R, Hamilton and S, K, C o r b i t t  

Unc la s s i f i ed ,  10 pages, 5 t a b l e s  

This  i n v e s t i g a t i o n  r e s u l t e d  from the  d iscovery  of co r ros ion  due t o  
copper depos i t s  i n  the  Sa turn  I LOX and f u e l  tanks.  This  copper w a s  
be l i eved  to  have come from the  d i s t i l l e d  water used a t  Ling-Temco-Vought 
Company t o  h y d r o s t a t i c a l l y  t e s t  these con ta ine r s ,  
w a s  de l ive red  t o  t h e  tanks through approximately 2,000 f e e t  o f  copper 
tubing-  
s l i p p a g e  i n  the  product ion schedule,  i t  was decided t o  s t r i p  t h e  copper 
from t h e  f in i shed  tanks. A s p o t  tes t  using o-tolidine-potassium th io-  
cyanate  w a s  s e l e c t e d  t o  determine when these  tanks were f r e e  of copper, 
However, during la ter  checkout of some of  t h e  tanks,  i t  w a s  found t h a t  

The d i s t i l l e d  water 

Because t h e  r e b u i l d i n g  of t h e s e  tanks would c r e a t e  a monumental 
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the  use  of chromate as a co r ros ion  i n h i b i t o r  i n  t h e  water i n t e r f e r e d  
wi th  t h i s  spot t e s t .  Therefore ,  i t  was decided t h a t  i f  t h i s  spo t  t e s t  
ind ica t ed  a p o s i t i v e  t e s t  f o r  copper,  t he  sample i n  ques t ion  would be 
checked spec t rographica l ly  t o  confirm the  presence of copper, 

I n  addi t ion ,  Ling-Temco-Vought personnel  suggested us ing  an  e l e c t r o -  
graphic  r i n g  oven technique employing t h e  rubeanic  a c i d  s p o t  t es t  t o  
q u a n t i t a t i v e l y  analyze f o r  copper. 
i n t e r f e r e  with rubeanic  a c i d  copper spo t  test, However, copper occurred 
i n  the  tanks i n  both the  elemental  and oxide forms, and i t  w a s  found t h a t  
t he  e lec t rographic  technique would not  remove copper oxide  q u a n t i t a t i v e l y  
from the  tanks. Therefore,  f o r  t h i s  a p p l i c a t i o n ,  t he  e l e c t r o g r a p h i c  tech- 
nique can be considered on ly  q u a l i t a t i v e  because of t he  mixture of copper 
and copper oxide. 

It w a s  found t h a t  chromates d i d  n o t  

It was es t ab l i shed  t h a t  6,5p gms o f  copper pe r  square  inch  w i l l  
cause corrosion as determined by ASTM Method B-117-61. 
n e i t h e r  t h e  spectrographic  method nor the  e l ec t rog raph ic  method could 
be used as a q u a n t i t a t i v e  procedure un le s s  some techniques were found 
t o  q u a n t i t a t i v e l y  sample a tank  s u r f a c e  f o r  both copper states wi thout  
removing copper from t h e  5456 aluminum a l loy .  
interchangeably f o r  q u a l i t a t i v e  ana lys i s ,  

Therefore ,  

Both methods may be  used 

September 10, 1963 THE LOW TEMPERATURE MECHANICAL IN-P&VE-M-63-11 
PROPERTIES 0 F Fe - 1 8N i- 8C o- 5Mo 

MARAGING STEEL 

by C, V. Lovoy 

Unclass i f ied ,  14 pages, 3 i l l u s t r a t i o n s ,  4 t a b l e s  

The mechanical p r o p e r t i e s  of Fe-18Ni-8Co-5Mo maraging s t ee l  were 
determined a t  temperatures from +80°F (267'C) to  -423°F (-252.7'C). 
The a l l o y  had high u l t ima te  t e n s i l e  and y i e l d  s t r e n g t h s ,  and r e t a i n e d  
d u c t i l i t y ,  as measured by percent  e longat ion ,  a t  a l l  t es t  temperatures  
down to -423OP (-252.7%). I n  add i t ion ,  h igh  notched/unnotched t e n s i l e  
r a t i o s  were c h a r a c t e r i s t i c  o f  t h i s  material down t o  -320°F (-196°C). 
-423'F (-252.7"C) , however, l o w  notched/unnotched t e n s i l e  r a t i o s  ind i -  
ca ted  a d e t e r i o r a t i o n  of m a t e r i a l  toughness, 

A t  

Weldments were prepared by the  e l e c t r o n  beam welding process ,  The 
j o i n t s  were not optimum wi th  r e s p e c t  to  f u l l  pene t r a t ion  and smooth top  
and bottom beads. However, ambient and cryogenic  t e n s i l e  tes t  r e s u l t s  
from these  w e l d s  demonstrated t h e  advantages der ived  from aging a f t e r  
welding. 
p r i o r  to  reaching a s t r e n g t h  level equ iva len t  t o  t h e  y i e l d  s t r e n g t h  of 
t h e  annealed parent material. 
t h a t  were comparable t o  those  of t he  aged pa ren t  material, 

For annealed ma te r i a l ,  t e s t e d  as-welded, t he  j o i n t s  f a i l e d  

Post-weld-aged j o i n t s  had s t r e n g t h  levels 
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October 25, 1963 L O W  TEMPERATURE PROPERTIES OF 
COMPOSITE SANDWICH CONSTRUCTIONS, 
SATURN S-IV COMMON BULKHEAD TYTE 

IN-P&VE-M-63-12 

by 0. Y. Reece and C. R. Denaburg 

Unc las s i f i ed ,  35 pages, 15 i l l u s t r a t i o n s ,  8 t a b l e s  

"he mechanical p r o p e r t i e s  o f  composite cons t ruc t ions  similar t o  t h a t  
used i n  t h e  Sa turn  S-IV common bulkhead were determized from f l a t w i s e  
tens ion ,  f l a t w i s e  compression, edgewise compression, and s h o r t  beam f l ex -  
u r e  tes ts  a t  temperatures ranging from ambient t o  -423.F (-253*C). 
s t r e n g t h s ,  i n  shear ,  of t h e  supported adhesive f i l m  a t  low temperatures  
were determined, Long beams, 3 inches by 16 inches,  were t e s t e d  i n  f l ex -  
u r e  a t  ambient and -320*F (-196OC) temperatures .  
developed f o r  cryogenic  t e s t i n g  i s  descr ibed.  

Impact 

The t e s t  equipment 

October 25, 1963 WELDING OF BIMETALLIC PIPE (ASTM- IN-P&VE-M-63-13 
A-106 GRADE C CARBON STEEL PIPE 
LINED WITH CUPRO-NICKEZ TUBING) 

by R. A, Davis and R. P, Wagner 

Unc las s i f i ed ,  17 pages, 9 i l l u s t r a t i o n s ,  1 t a b l e  

The Launch Operations Center  proposed t h e  use of  b i m e t a l l i c  p ipe ,  
ASTM-A-106 Grade C carbon s t ee l  pipe,  l i n e d  wi th  cupro-nickel tubing 
f o r  t h e  gaseous n i t rogen  system of V e r t i c a l  Launch F a c i l i t y  37B (VLF- 
37B). This b i m e t a l l i c  combination was s e l e c t e d  because of  t h e  materials 
c o s t  savings over the  s o l i d  s t a i n l e s s  s teel  p ipe ,  employed previous ly  
f o r  such systems. 

A program w a s  i n i t i a t e d  by the Mate r i a l s  Div is ion  t o  e s t a b l i s h  
f a b r i c a t i o n  procedures f o r  the b ime ta l l i c  pipe,  de f in ing  t h e  parameters 
of j o i n t  design,  j o i n t  p repara t ion ,  f i l l e r  a l l o y s ,  welding technique,  
i n spec t ion  procedures,  and q u a l i t y  s tandards .  The f e a s i b i l i t y  of join-  
i n g  t h i s  p ipe  was demonstrated by t h e  use of s p e c i a l  welding techniques 
and r i g i d l y  con t ro l l ed  procedures. 

December 7,  1963 LOW TEMPERATURE MECHANICAL I N -  P&VE-M- 6 3- 14 
PROPERTIES OF "UNITEMP" 212 ALLOY 

by J. W, Montan0 

Unc las s i f i ed ,  24 pages, 11 i l l u s t r a t i o n s ,  5 t a b l e s  
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The mechanical p r o p e r t i e s  o f  Unitemp 212 a l l o y  b o l t s  and b a r  s tock ,  
i n  the  age-hardened condi t ion ,  were determined f o r  the  temperature range  
of 80°F (25°C) t o  -423°F (-253wC). Both smooth and notched t e n s i l e  tests 
were made, The smooth specimens increased  i n  u l t i m a t e  t e n s i l e  and y i e l d  
s t r e n g t h s  with decreas ing  temperature,  The percent  e longat ion  increased  
t o  a maximum a t  -320°F (-196OC). A t  -423*F (-253*C), t h e  percent  elonga- 
t i o n  decreased t o  approximately n i n e t y  pe rcen t  of t he  ambient temperature  
e longat ion,  
at a l l  t e s t i n g  temperatures ,  i n d i c a t i n g  a r e l a t i v e l y  notch i n s e n s i t i v e  
material. 

The notched/unnotched t e n s i l e  r a t i o s  were g r e a t e r  than 1.0 

Tests on a c t u a l  b o l t s ,  f a b r i c a t e d  from t h e  Unitemp 212 a l l o y ,  re- 
vea led  d e s i r a b l e  p r o p e r t i e s  a t  cryogenic  temperatures.  By comparison, 
t h e  Unitemp 212 a l l o y  has  b e t t e r  low temperature mechanical p r o p e r t i e s  
than  A-286, Waspaloy o r  6A1-4V t i tan ium,  

December 13, 1963 CORROSIVE EFFECTS OF CAPE IN-P&VE-M-63-15 
CANAVERAL W I R 0 " T  ON S-I-D5 

VEHICLE 

by J. G. Williamson 

Unc las s i f i ed ,  6 pages 

The Saturn S-I-D5 v e h i c l e  was examined bo th  be fo re  and a f t e r  a 
three-month exposure t o  a seacoas t  environment. 
from t h i s  exposure were noted on t h e  ove r -a l l  v e h i c l e ;  however, corro- 
s i o n  i n  t h e  form of r u s t  and p i t s  occurred on s t a i n l e s s  s t ee l  bel lows,  
f a s t e n e r s ,  and s u c t i o n  l i n e s ,  which i n d i c a t e s  t h a t  p r o t e c t i v e  measures 
should be taken where extended exposure t o  such an environment i s  neces- 
sary,  

No s i g n i f i c a n t  e f f e c t s  
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February 3, 1964 

1963 Publ ica t ions  

by Mater ia l s  Div is ion  

The information i n  t h i s  r epor t  has  been reviewed f o r  s e c u r i t y  
c l a s s i f i c a t i o n .  
Defense o r  Atomic Energy Commission programs has  been made by t h e  
MSFC'Security C l a s s i f i c a t i o n  Off icer .  This  r e p o r t ,  i n  i t s  e n t i r e t y ,  
has been determined t o  be unc la s s i f i ed .  

Review of any lnformation concerning Departzent  of  

W, R, Lucas 
Chief ,  Materials Divis ion 

W. A, Mrazek 
Di rec to r ,  Propuls ion and Vehic le  Engineering Laboratory 
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